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The current thesis suggests two main possible solutions to address issues in the precarious 
waste management system at Tukkutori Area, Helsinki, Finland.  
 
The two solutions are the deployment of a Biodigester and a waste plastic-to-oil units to 
convert waste into biogas (plus fertilizer as a secondary by-product) and oil (mainly diesel), 
respectively. 
 
In order to study the feasablity of these two solutions, waste disposal data was gathered 
from restaurants and other businesses at Tukkutori Area, from now on called the T Area. 
According to the quantity and type of biowaste and plastic waste, a fixed dome type biodi-
gester of 50 m3 and the Blest NVG-200 pyrolysis unit were evaluated for each kind of waste, 
respectively.  
 
The results of the evaluation showed that the biodigestor can convert the yearly 240 tonnes 
of biowaste into 297 MWh of electricity and 370 MWh of heat per year. Also, it can produce 
209 tonnes of fertilizer, which is divided into 188 tonnes of liquid fertilizer and 21 tonnes of 
solid compost. 
 
The Blest NVG-200 unit, in contrast, can convert the 120 kg/day of plastic into 120 litres of 
oil, including 72 liters of diesel that could be used to heat the biodigester to transport the 
fertilizer, for instance. 
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1 Introduction 
There is a significant amount of biowaste and plastic waste at the T Area which is actually 
being disposed of in the traditional way incurring unnecessary costs of transportation 
and later recycling or incineration. Besides the impact on costs, there is also an impact 
on the environment considering the greenhouse gases emitted during the transportation 
of waste and later even more during the incineration of the waste. 
Therefore, in line with the present circular economy paradigm, the present thesis pro-
poses two solutions as follows: firstly, the conversion of biowaste into biogas through a 
biodigester; and secondly plastic waste into oil fuel through a plastic-to-oil unit, based on 
the pyrolysis method. 
2 Project Review 
2.1 Objectives 
 
The objective of the project was to supply the Tukkutori Area with the following: 
 
• Energy Component:  
 
o biogas to the restaurants for cooking; 
o electricity from biogas engine; 
o diesel, gasoline and kerosene fuel from waste plastic-to-oil unit; 
o waste heat from biogas’ engine.  
 
 
• Farming Component:  
 
o solid and liquid fertilizer from biodigester effluents. 
 
2.2 Technologies selection 
 
In the case of the biodigester, biowaste is decomposed in anaerobic conditions by bac-
teria and microorganisms to form methane, which can then be used as biogas for differ-
ent purposes such as cooking or heating among others. 
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The Waste Plastic-to- Oil unit could be provided by the Japanese company Blest Co., 
LTD whose devices are based on the Pyrolysis method explained later on this thesis. 
The two solutions above would be placed in situ at T Area which could avoid the issues 
of waste transportation, recycling or incineration by converting waste into fuel, thus re-
ducing greenhouse emissions and also the use of fossil fuels considering the new two 
types of fuels, biogas and oil, that would be obtained. 
 
2.3 Environmental Impact  
The main contribution of the present thesis’ solutions are as follows: 
 
(a)   Electricity from fossil fuels would be replaced by electricity produced from biogas. 
The generated electricity will be used to contribute to T Area daily operations. 
(b)  Plastic waste would be converted into Oil (mainly ready to use Diesel), therefore 
saving costs and time on waste management and transportation in T Area and avoiding 
plastic pollution on the environment. 
 
 (c)  The biowaste used by the project activity would have decomposed naturally produc-
ing a significant amount of methane emissions. [1] 
3 Project Location 
Tukkutori Area is a 17300 m2 area located close to Helsinki downtow, and it includes 
several restaurants and supermarkets. More details of the area can be seen in Figure 1 
below. 
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Figure 1: Tukkutori location in Helsinki 
The current problem with the biowaste disposal of these businesses is that it is time-
consuming, the containers are often full, there is waste on the floor and even rats in the 
waste center. Also, there are several waste centers instead of a centralized one, as 
shown in Figure 2. 
 
 
Figure 2: Tukkutori waste plan map 
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4 Biogas Anaerobic Digestion Process 
 
A biodigester is based on an anaerobic fermentation process in which bacteria decom-
poses organic mass and methane is produced by the bacteria. Anaerobic means there 
is no presence of oxygen in the process.  
 
4.1 Biowaste availability for the biodigester  
 
As shown in Table 1, biowaste at Tukkutori accounts for almost 240 tonnes per year. 
  
 
Table 1: Encore Ympäristö-Palvelut 
 
According to the Swedish Gas Technology Centre Ltd, sorted food waste has a biogas 
production yield of 618 m3/ton (Total Solid or Dry Matter), which includes a 63% methane 
concentration.[3] 
 
Considering that in a Combined Heat and Power plant, the ratio of heat to power de-
pending on the scale and technology is 35-40% converted to electricity, and 40-45% to 
heat; this typically equates to 2 kWh of electricity and 2.5 kWh of heat per m3 of biogas, 
a 60% methane concentration.[4] 
 
Therefore, the yearly 240 tonnes of biowaste at T Area would produce approximately 
148,000 m3 of biogas, which would yield both 297 MWh of electricity and 370 MWh of 
heat per year. 
 
If we consider that an average 100 m2 bar/restaurant consumes an estimated 28 MWh 
of energy yearly (both electricity and heating) and a medium business consumes 30 
MWh of electricity and 45 MWh of Gas, the above biodigester energy production could 
well provide most of the energy needed for the 34 bars, restaurants and medium busi-
nesses at both the Teurastamo and Tukkutori area. [11;12] 
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4.2 Biogas production optimal conditions 
 
In order for the biogas production to be constant, the following conditions should be met: 
• Temperature: biodigesters start producing biogas where average daily tempera-
ture is minimum 18°C or where the mean annual temperature is around 20°C. 
Between 20 to 28°C of mean temperature, the increase in gas production is more 
than proportion with respect to the temperature rise. [8] 
The following types of digestion are distinguished according to the temperature in the 
biodigester:  
o Psychrophilic range (10-20 °C, holding/production time over 100 days) 
o Mesophilic range (20-35 °C, holding /production time over 20 days) 
o Thermophilic range (50-60 °C, holding /production time over 8 days) [9] 
 
In the case of low mean temperatures locations as Helsinki, the msophilic digestion can 
be achieved by first heating the Biodigester with electricity or gas from the local grid for 
instance. After the first biogas production, the biodigester could be heated with a fraction 
of its own biogas production, therefore turning the system self-sufficient.    
 
• pH value: the methane-producing bacteria live performs best in pH values be-
tween 7 and 8.5. If the pH is lower than 6.2, the bacteria dies. [8]  
 
4.3 Biodigester size 
 
In order to determine the Biodigester’s size, we should first calculate the total volume of 
biowaste and water that is fed with. An approximate daily biowaste input can be obtained 
dividing the yearly 240 tonnes by 365 days, which results in 657 kg of biowaste per day.  
 
Biowaste at T Area can be divided into 3 categories with their corresponding densities: 
wood waste (400 kg/m3); restaurants waste (362 kg/m3); and vegetable and fruits waste 
(282 kg/m3). Considering the present work does not require such a level of precision, an 
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average value of 348 kg/m3 for the density of biowaste as a whole will be taken into 
account. [6] 
 
A Biodigester must be filled with a 1:1 ratio of water and biowaste, which results in also 
657 liters of water to be fed in the biodigester daily. If we consider that water density is 
1000 kg/m3, the 657 kg of water would take 0.65 m3 of space daily in the biodigester. 
 
Therefore, the input of 657 kg would take 1.9 m3 of space daily and added to the 0.65 
m3 of water results in a total of 2.5 m3 daily. Considering the biodigester at T Area will 
operate under mesophilic digestion conditions with a retention/production time of 20 days 
per each batch of biogas, thus a 50 m3 fixed dome type biodigester will be enough for T 
Area. As follows in Figure 3, a fixed dome biodigester diagram. 
  
 
 
 
Figure 3: Diagram of a Fixed Dome Biodigester. 
5 Combined Heat and Power Unit (1 x 1063 kWe)  
 
As mentioned above, the 240 tonnes of organic waste at Tukkutori would produce 
148,320 m3 of Biogas per year which in turn can yield approximately 297 MWh of elec-
tricity and 370 MWh of heat yearly.  
 
This conversion can be done with the use of the CHP unit JMS 320 GS-B.L whose  tech-
nical data is available in the Appendix section. 
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Regardless of the CHP unit’s theoretical values, the following Energy consumption and 
losses should be considered (Tampio et al. 2014). The Biodigester consumed 9% of the 
produced total energy as electricity for the pretreatment and hygienization of the bio-
waste; also 5% for gas conversion in the CHP; and 8% for the anaerobic digestion itself. 
The hat consumption of the biodigester represented 10% of the total energy produced, 
including hygienization of the biowaste; heating of the biodigester and heat losses. [5]  
 
In the following Figure 4, a process diagram of the whole biogas plant is presented. 
 
 
Figure 4: Process Flow Diagram of the Biogas Plant 
6 Fertilizer Unit  
 
The discharge from the biodigester is directed to the fertilizer unit for separation between 
solids and liquids. The solids part can is processed into composting with the addition of 
other organic matter. On the other hand, the liquid part of the effluent is filtered in several 
steps in order to reduce the  amount of total suspended solids (TSS) to an average of < 
50 ppm of total dissolved solids (TDS). [1] 
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6.1 Fertilizer unit components and steps 
 
The main components and steps in order of appearance are as follows: 
 
1st Filter Press  
2nd Flocculation Chamber  
3rd Centrifuge unit  
4th Pressure Sand Filter 
5th Ultra Filtration unit  
6th Reverse Osmosis unit 
 
6.2     Process description 
 
The discharge from the biodigester has an approximate TSS value between 5.5 - 7% 
and is directed via the filter press to separate the solids until it reaches a value of 3% 
TSS left in the effluent liquid and also a moisture level in the range of 30 to 40%  when 
is ready to be directed to the organic composting unit. On the other hand, the liquid is 
sent through the flocculation unit to lower the TSS below 150ppm and these remaining 
solids in the flocculator are delivered to the fertilizer unit. Liquid coming out of the floc-
culator should have a TSS level reduction to less than 30ppm by being passed through 
a centrifuge first and then via a pressure sand filter to lower the TSS below the visible 
level. These liquid has as well a TDS in the scope of 10,000 to 20,000 ppm and is sent 
through a final ultra-filtration unit that filterss missing TSS. The discharge from this latter 
unit is subjected to a reverse osmosis process to lower the TDS value below 50 ppm 
which results in  60% to 70% of the initial liquid being recovered. The liquid that has been 
rejected usually has a TDS value of around 40000 ppm (including dissolved potassium 
and ammonium) and therefore is utilized as liquid fertilizer. Please refer to Figure 5 for 
more details. [1] 
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Figure 5: Schematic of Fertilizer Unit 
 
According to Tampio, E. et al, from the total initial feedstock fed in the biodigester, ap-
proximately 13% is transformed into biogas and 87% into fertilizer, whereas the latter is 
then separated resulting in 90% liquid fertilizer and 10% solid compost. [5] 
 
Therefore, from the total yearly 240 tonnes of Biowaste at the T Area, the final yield 
would be 209 tonnes of fertilizer, which is then divided into 188 tonnes of liquid fertilizer 
and 21 tonnes of solid compost. 
 
The positive impacts on the environment of using fertilizer from biodigester are:  
 
a. Decrease of food waste odor  
b. Prevention of CH4 emissions caused by food waste decomposition  
c. Reduction of  ground water pollution  
d. Closing of the nutrient cycle by using this fertilizer with minimum losses caused 
by transportation, storage and the biogas production itself.  
7 Waste Plastic-to-Oil unit 
 
This unit is based on the pyrolisis techique which consists on warming / vapouring (not 
burning) plastic waste to approximately 430 C in anaerobic conditions. When the waste 
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plastic changes its chemical composition and physical phase into gas state, then this gas 
is later condensed with water to form oil as the final product. For more details, please 
refer to Figures 6, 7 and 8 below. 
The amount of plastic waste at T. Area is around 120 kg/day. [2] Therefore, the appro-
priate choice for this amount of waste would be the NVG-200 pyrolysis plant from Blest 
Co., LTD. which can process 200kg of plastic per 24 hours of continuous operation and 
has an oil ratio of approximately 80%, depending on the type of plastic waste. It takes 1 
kWh of energy, 1 kg of plastic to produce 1 litre of oil, from which 60% is diesel. [10]  
 
Therefore, the Blest NVG-200 unit could convert the 120 kg/day of plastic at the T Area 
into 120 litres of oil, including 72 liters of ready-to-use diesel. 
 
 
 
Figure 6: Blest NVG-200 prolysis plant  
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Figure 7: Blest NVG-200 feeder unit 
 
 
Figure 8: Ready-to-use Diesel from Blest NVG-200 
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8.    CONCLUSION 
 
The two solutions discussed in this thesis would not only save costs and time by avoiding 
the current expenditures of waste management and transportation, but also save a sig-
nificant portion of the electricity and heating for both Teurastamo and Tukkutori busi-
nesses that could now be partly provided by the burning of both biogas and oil (mainly 
ready-to-use diesel).  
 
Furthermore, the deployment of these two solutions would generate revenue to T. Area 
by selling the fertilizer and diesel from those technologies. 
 
Finally, the environmental benefits are significant considering the following:  
 
• Methane from the biogas is burnt instead of letting it free to the atmosphere 
through natural biowaste decomposition; and the CO2 released after its burning 
is approximately 30 times less damaging as a heat-trapping gas than Methane. 
[14] 
 
• Plastic waste would be converted into oil (mainly ready to use Diesel), therefore 
saving costs and time on waste management & transportation in T. Area and 
avoiding plastic pollution on the environment. 
 
• Burning of both biogas and oil for generating electricity and heat partially replaces 
the consumption of fossil fuel fed grid that otherwise will provide those services. 
 
• The placement of these solutions is in line with the circular economy paradigm 
studied in the Programme and currently implemented in both the private and pub-
lic sectors’ practices around the world.  
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